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PREFACE 


This manual provides the systems programmer or operator with a 
description of the Universal Clock Module and its operation. The 
user should be familiar with the 16-bit and 32-bit proces-J 
sors. Chapter 1 is a general introduction. Chapter 2 describes 
in detail the principles and operation of the precision interval 
clock (PIC). Chapter 3 also contains a detailed description of 
the principles and operation of the line frequency clock (LFC). 
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CHAPTER 1 
INTRODUCTION 


1.1 GENERAL OVERVIEW OF THE UNIVERSAL CLOCK MODULE 


The universal clock module is a versatile timer consisting of two 
independent clock devices: 


- line frequency clock (LFC) 
- precision interval clock (PIC) 


Both clocks provide timer controlled processor interrupts, but 
have different timing mechanisms. The LFC is derived directly 
from the AC power line and has a fixed clock rate equal to twice 
the line frequency. The user has no control over the LFC other 
than to disable, enable, or disarm interrupts. The PIC, although 
derived from an 8-megahertz crystal oscillator, is dynamically 
variable through program control. The user can select an incre- 
ment of time (resolution rate) and a count (interval count) 
where: 


resolution rate x interval count = interval 


1.1.1 Device Addresses 


Both the PIC and LFC have a specified 10-bit device address. The 
preferred address for the PIC is a 6C (hexadecimal) and for the 
LFC is 6D (hexadecimal). However, if another address is as- 
signed, it must be an even numbered address for the PIC and 
an odd numbered address for the LFC. The address for the 
LFC is always the address of the PIC plus one. The first two 
most-significant bits of both 10-bit addresses are always 
set to zero. The possible device addresses are in the range 
of 1 to 127 (28-1). 
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CHAPTER 2 
OPERATION OF THE PRECISION INTERVAL CLOCK (PIC) 


2.1 GENERAL PRINCIPLES 


The precision interval clock (PIC) produces or queues a processor 
interrupt. A specified time interval determines the point at 
which the interrupt occurs. An interval is defined as the time 
between events or states. An interval starts when the previous 
interval expires and ends when its allotted time period expires. 
The duration of the interval is measured in increments of time as 
selected by the user. These increments of time are the resolu- 
tion rates. Four resolution rates are derived from a master time 
base. The master time base is Supplied by an 8-megahertz internal 
crystal oscillator that produces a l-megahertz signal. This 
oscillator, however, can be disabled to allow the user to sub- 
stitute his own external master time base oscillator. In addi- 
tion, the number of times a specified resolution rate is to occur 
in an interval is called the interval count and is also specified 
by the user. 


A baSic structure of the PIC as shown in Figure 2-1 is explained 
in the following paragraphs. 
2.1.1 Resolution Rate and Initial Interval Count 


The four resolution rates derived from the crystal oscillator 
are: 


1 microsecond (1 us) 
10 microseconds (10 us) 
100 microseccnds (100 us) 
1 millisecond (1 ms) 


RESOLUTION RATES 


1 
us 
2 3 4 


0 1 15 
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MULTIPLEXOR BUS TO 
PROCESSOR 


RESOLUTION SELECT INTERVAL COUNT 
INPUT BUFFER INPUT BUFFER 
(BITS 03 OF RIC) (BITS 4-15 OF RIC) 


RESOLUTION SELECT 
REGISTER 


8 MHZ INTERVAL 


COUNTER 


CURRENT INTERVAL 
COUNTER 


(OUTPUT BUFFER) 


CLOCK 
DIVIDER 


CRYSTAL 
OSCILLATOR 


Figure 2-1 Precision Interval Clock (PIC) 


If the bit that represents the desired resolution rate is set, 
the appropriate resolution rate is produced. If more than one 
bit is specified, the shortest resolution rate is used. If no 
bits are specified, the interval does not take place. 


Once the resolution rate is selected, the desired number of times 
that resolution is to occur must also be specified through the 
interval counter. The value in the interval counter, the 
initial interval count, determines how many times the selected 
resolution rate occurs in an interval. This count must be a 
hexadecimal number with a decimal value in the range of 0 to 
4,095 (212). The initial interval count should be specified 
as the desired number. If zero is specified as the 
count, it is ignored and a value of one is assumed. If no value 
is specified as the count, the initial interval count specified 
in the previous interval is used. Each time a cycle occurs, the 
value in the interval counter is decremented by one until a 
value of zero is reached. A value of zero generates or queues an 
interrupt. 


The resolution rate and the initial interval count (RIC) deter- 
mine the allotted time period for an interval. The resolution 
rate and the initial interval count form a halfword that initial- 
izes or changes the resolution select register and interval 
counter in the PIC. During an interval, the initial interval 
count in the PIC remains unchanged. 
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RESOLUTION RATE AND INITIAL INTERVAL COUNTER (RIC) 


| INITIAL INTERVAL COUNT 
4 | 15 


Associated with each resolution rate is a range of interval 
periods that particular resolution is able to produce. These 
intervals are listed in Table 2-l. 


NOTE 
The minimum interval, with a resolution of 
1 us, is dependent on the model processor 
being used. 


TABLE 2-1 POSSIBLE INTERVAL PERIODS 


RESOLUTION INTERVAL | INTERVALS 
RATE — COUNT (DECIMAL) PRODUCED 


1 MICROSECOND 
(1 us) 


10 MICROSECONDS 
(10 us) 


100 MICROSECONDS 
(100 us) l 


1 MILLISECOND 
(1 ms) 
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2.1.2 Current Interval Counter 


The result of the initial interval count being decremented is 
called the current interval count (CIC) and is stored in a 
separate halfword in the PIC. Each time the initial interval 
count is decremented, the current interval count is replaced with 
a value that is one less than its previous value. Effectively, 
the current interval count always contains the current number of 
cycles remaining to be executed in an interval. The value in the 
CIC can be in the range of 4,095 to zero. Any time during the 
interval, the processor can interrogate the CIC without affecting 
the decrementing of the clock by issuing a read instruction 


(RD,RDR,RH,RHR). 


CURRENT INTERVAL COUNTER 


fo Jo] ojo CURRENT INTERVAL COUNT | 
2 3 4 


0 1 15 


where: 
Bits 0-3 Bits O through 3 are unused and 
always set to zero. 


Bits 4-15 Bits 4 through 15 contain the 
decrementing interval count. 


2.1.3 Command Byte 


Since the PIC produces interrupts at the conclusion of each 
interval, three options are available to the user to determine 
whether or not an interrupt is to occur at the conclusion of the 
interval or not at all. A fourth option allows the user to stop 
the clock at any point, establish a new interval, and restart the 
clock. These options are: 


disable interrupts 

- enable interrupts 

- disarm interrupts 

- start clock 

All four options are derived from the three most-significant bits 
in a byte which is called the command byte. If the bit that 
represents the desired interrupt mode is set, the appropriate 


action takes place at the conclusion of the interval. If no bits 
are set, the disarm mode is the default. 
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COMMAND BYTE 
DISARM 


SN _ 
foisaate [ease | start |] o | o | o | o | o | 
0 1 2 3 4 5 6 7 


where: 


DISABLE If bit 0 is set and the end of the 
interval occurs, the PIC is unable 
to interrupt the processor but 
allows the interrupts to be queued. 


ENABLE If bit 1 is set and the end of the 
interval occurs, the PIC immediately 
interrupts the processor. 


DISARM If both bits O and 1 are set and the 
end of the interval occurs, the PIC is 
unable to interrupt the processor and 
does not allow interrupts to be 
queued. In effect, all interrupts are 
ignored. 


START If bit 2 is set at the beginning, 
during, or end of an interval, the 
clock immediately stops. The resolu- 
tion select register and interval 
counter are loaded with new data from 
the input buffers and the clock 
restarts. 


BITS 3-7 Bits 3 through 7 are unused and are 
always set to zero. 


2.1.4 Status Byte 


The status byte indicates whether or not the resolution rate and 
initial interval count from the input buffers have been success- 
fully loaded into the resolution select register and interval 
counter. The RIC is loaded a byte at a time when a write half- 
word (WH,WHR) instruction is executed. If a processor interrupt 
occurs in the system before the second byte is loaded, the 
overflow bit is set. At this point, the PIC contains the four 
resolution bits and the four most-significant bits (bits 4-7 of 
byte 1) of the initial interval count. When the overflow bit is 
set, it should be reset by one of the following before the next 
interval takes place: 


- execution of a sense status (SS,SSR) instruction (32-bit) 


- execution of an acknowledge interrupt (AI,AIR) instruction 
(16-bit) 


- initialization (32- and 16-bit) 
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Then execution of an output command (OC,OCR) sends the command 
byte to the PIC with the start bit set. This transfer causes the 
remaining value in the RIC (bits 8-15) to be loaded into the 
least-significant byte of the interval counter. When the second 
byte is loaded, the PIC starts decrementing the value currently 
in the interval counter. 


If the overflow bit is not reset, the status byte will not be 
accurate for the next interval; and as a result, does not indic- 
ate whether or not the resolution select register and interval 
counter were successfully loaded. 


2.2 BASIC PIC OPERATION 


The command byte and the RIC should be defined before a write 
instruction is issued. First, the interrupt bit in the command 
byte should be set and sent to the PIC by execution of an output 
command. The desired interval count and one of the resolution 
rate bits in the RIC should then be set. A write data (WD) or 
write halfword (WH) instruction is then executed to load the 
resolution rate and initial interval count, a byte at a time, 
into their input buffers. They remain in the input buffers until 
either new data is loaded or an output command (OC,OCR) is 
executed. The input buffers can be loaded with new data anytime 
during an interval. The start bit in the command byte should 
then be set and sent to the PIC by execution of another output 
command. This process causes the clock to start decrementing. 
If no interrupt bits are set in the command byte, the clock 
starts and the interval counter begins decrementing at the 
selected resolution rate. Then, either bit 0 or 1 in the command 
byte should be set to acknowlege interrupts. Anytime during this 
interval, the processor can monitor the decrementing interval 
count by issuing a read instruction. However, the contents of 
the current interval counter does not change during the reading 
process. Also, anytime during this interval, new data can be 
sent to the input buffers either to immediately change the 
resolution rate and interval count or to wait until the current 
interval count terminates to start a new interval. When the 

Jcurrent interval counter finally has a value of zero, the resolu- 
tion select register and interval counter are loaded with data 
from the input buffers and another interval takes place. Figure 
2-2 shows the flow of data at the beginning of the interval from 
the RIC to the CIC at the end of the interval. If it is neces- 
Sary to stop the PIC during an interval, set the RIC to all zeros 
and issue a start command. 
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BINARY 
HEX 


MEMORY 
LOCATION 


RIC 


0 3 

RES. RATE = 100 us 0100 | INTERVAL CNT 0001 ono | anit BINARY 
INT.CNT. = 274 weutsurrer | t || 6 | fF | nex 

0 3 


(273+1) 


INITIAL 
RESOLUTION SELECT [0100 _| INTERVAL BINARY 
REGISTER | 4 | COUNTER HEX 
(BEGINNING OF INTERVAL) 
0 3 CURRENT 
INTERVAL 
RESOLUTION SELECT COUNTER AT BINARY 
REGISTER | 4 | CONCLUSION HEX 


OF INTERVAL 
(END OF INTERVAL) 


Figure 2-2 Flow of Data to PIC 


2.3 INITIALIZATION 

Initialization occurs when the machine is powered up or when the 
initialize button is pressed. It affects the PIC by setting the 
following locations to zeros: 

- resolution select register 


~- initial interval counter 


- resolution rate and initial interval count (RIC) 


current interval counter (CIC) 


Status byte 
Initialization can also occur when bits 0 and 1 are set in the 


command byte and an output command is issued which puts the PIC 
in the disarm mode. 
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CHAPTER 3 
OPERATION OF THE LINE FREQUENCY CLOCK (LFC) 


3.1 GENERAL PRINCIPLES 

The line frequency clock (LFC) generates or queueS a processor 
interrupt. The point at which the interrupt occurs is determined 
by a fixed clock rate that is derived from the frequency of the 
AC power line. The power line frequency is either 60 or 50 hertz 
and the clock rate is always twice the line frequency. The 
duration of the interval for each power line frequency is shown 
in Table 3-1. 


TABLE 3-1 DURATION OF INTERVAL IN RELATION TO LINE FREQUENCY 


POWER LINE FREQUENCY DURATION OF INTERVAL 


An example of the structure of the LFC is shown in Figure 3-l. 


TO 


MULTIPLEXOR BUS 
PROCESSOR 


COMMAND BYTE 


12 VAC 
POWER SUPPLY 


Figure 3-1 Flow of Data to LFC 
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- 3.1.1 Command Byte 


Since the LFC produces interrupts at twice the line frequency, 
three options are available to the user to determine whether or 
not that interrupt is to occur at the conclusion of the interval 
or not at all. These options are: 


- disable interrupts 

- enable interrupts 

- disarm interrupts 

All three options are derived from the first two most-significant 
bits in a byte called the command byte. If the bit that repre- 
sents the desired interrupt mode is set, the appropriate action 


takes place at the end of one half the period of the line 
frequency. 


COMMAND BYTE 


DISARM 
esc OC ON 
0 1 2 3 4 5 6 7 
where: 


DISABLE If bit 0 is set and twice the line 
frequency occurs, the LFC is unable to 
interrupt the processor but allows the 
interrupts to be queued. 


ENABLE If bit 1 is set and twice the line 
frequency occurs, the LFC immediately 
interrupts the processor. 


DISARM If both bits 0 and 1 are set and twice 
the line frequency occurs, the LFC 
is unable to interrupt the processor 
and does not allow interrupts to 
be queued. In effect, all interrupts 
are ignored, 


BITS 2-7 Are unused and always set to zero. 
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‘When the LFC generates an interrupt, it should be serviced with 
one of the following: 


- acknowledge interrupt instruction (16-bit) 
- immediate interrupt, auto driver channel (32-bit) 
- an appropriate channel command block (16- and 32-bit) 


If the sense status or acknowledge interrupt instruction is 
executed, a status of all zeros is returned. 


~ 


3.2 BASIC LFC OPERATION 


The command byte should be defined to indicate the desired 
interrupt mode. Then, an output command (OC,OCR) is issued. 
Execution of an output command transfers the command byte to the 
clock. If interrupts are enabled, the next possible interrupt 
and all following interrupts are generated. If interrupts are 
disabled, the next possible interrupt and all following inter- 
rupts are queued. If interrupts are disarmed, all interrupts are 
ignored. 


3.3 INITIALIZATION 
Initialization occurs when the machine iS powered up or when the 
initialize button is pressed. After initialization, the LFC is 
left in disarm mode. 
Initialization can also occur when bits 0 and 1 are set in the 


command byte and an output command is issued which puts the LFC 
in disarm mode. 
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APPENDIX A 
PROGRAMMING EXAMPLES FOR 
16-BIT AND 32-BIT PROCESSORS 


The following flowcharts and printouts are programming examples 
for the LFC and the PIC. 
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DISABLE 
PROCESSOR 
INTERRUPTS 


SET UP 
INTERRUPT 
SERVICE 
POINTERS 


ENABLE 
PROCESSOR 
INTERRUPTS 


START 
LINE 
FREQUENCY 


CLOCK (LFC) 


WRITE 
COUNT TO 
DISPLAY 


LFC 


PIC 


INTERRUPT PSW AND RETURN 

OCCURRED TO POINT OF 

SO VECTOR INTERRUPT 
TO ’PICINT” 


“LECI NT” 


DISARM 
LFC 


SEND 
RESOLUTION 
AND COUNT TO 
PIC 


CLEAR OLD 
PIC INTERRUPTS 
AND START 
THE PIC 


INCREMENT 


INTERRUPT DISPLAY 
OCCURRED COUNTER 
SO VECTOR 

TO “PICINT” 


LOAD THE OLD 


“PICINT” 


CLEAR RIC 
AND STOP 
PIC 


DID THE 
PIC STOP? 


LOAD THE OLD 
PSW AND RETURN 
TO POINT OF 
INTERRUPT 


Universal Clock Module 16-Bit Interrupt Programming Example 
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UNIVERSAL CLOCK MODULE 32 BIT INTERRUPI PROGRAM EXAMPLE PAGE 1 


PROG= *NONE* 


vuuuuol 
0000041 
vuvoodel 
voo008l 
doouvdcl 
oooddE! 
oo0d1al 
ooo0141 


ovod 
0ugg 
0000 
Ouud 


ouu0 
voud 
O0uUu0 
gguo 
00u0 
ugUd 
ouUu0 


C8AU 
956A 
2490 
41FG 
24U1 
DEVO 


O89 


O4FF 


ASSEMBLED BY CAL 03-066RU05~U0 


voodoo 
0001 
0002 
0002 


00u3 
0008 
0009 
vOO0A 
0U0B 
0v00D 
Qo0F 


3uuu 


801A 


gUA0 


=o0002e6! 


20000B8al 


WOnNDOU FANNY 
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(32-B81T) 


cROSS 
WIOTH 120 
TARGT 32 
PROG UNIVERSAL CLOCK MODULE 32 BIT INTERRUPT PROGRAM EXAMPLE 
NORXS - 

KEEEKRESCKEEKKKEKCKEKEKKEKEERKAKEEEKKEKKKES EEE EK EKEEEKKEKRKEKKEEKKKESCECRSAKKEEE 

* THIS IS A 32°BIT PROGRAMMING EXAMPLE FOR THE LINE FREQUENCY 

* CLOCK AND THE PRECISION INTERVAL CLOCK, THE EXAMPLE USES INTER} 

* RUPIS TO RECOGNIZE THE END OF THE IN'IERVALS, 

* THERE ARE FOUR MODULES? 

* 1) "CALLUCM" THIS MOOULE INITIALIZES THE INTERRUPT 

* HANOLER ANO STARTS THE LINE FREQUENCY CLOCKe 

* 2)"LECINT" THIS MODULE SERVICES THE INTERRUPT THAT 

* OCCURS AFTER THE LINE FREQUENCY CLOCK HAs wAITED 

* ONE*“HALF CYCLE OF THE Ac LINE FREQUENCY. 

* 8033 MILLISECONDS @ 60 HZ OR 10 MILLISECONOS a50HZ 

* THEN IY STARTS THE PRECISION INTERVAL CLOCK. 

* 3)"PICINT" THIS MODULE SERVICES THE PRECIS2L0N INTe 

* ERVAL CLOCK INTERRUPT THAT OCCURS AFTER a PROGRAM 

* CONTROLLEO INTERVAL OF 150 MICROSECONOS,. JT THEN 

* RESTARTS THE LINE FREQUENCY CLOCK, THIS MEANS THAT 

* THE PROGRAM WILL CONTINUE TO SERVICE "LFCINT" AND 

* “PICINT" UNTIL THE FOURTH MODULE IS CALLED. 

* 4) "KILLUCMH 

* RUPTS 

x 

* 


THIS MODULES DISARMS LFC g PIC INTER} 
AND STOPS THE PIc, 


ee MR RERHRHER HEH RHR AHH RE EH HH 


KEEREKEE EKER EKER ERE SEES EEREERAKEREEEK EEE RE EREKEREKKEEEKSE SEEKS RERES 


RO Eau 0 

Ri EQU 1 

R2 EQuU 2 

INTDEV EQ@u 2 MICROCODE PUTS INTERRUPTING ADDRESS I 
** REGISTER 2 OF REGISTER SET 0 

R3 EQU 3 

R8 EQU 8 

R9 Eau 9 

R190 EQuU 10 


NEXTDEV EQuU 11 
STATUS EQuU 13 
LINK Eau 15 


DISABLE LHI Ri1OexX* Zzu00s GET DISABLE PSW MASK 
EPSR R8+R10 NOW VISABLE INTERRUPTS 
LIs ROO CLEAR RO(THE DISPLAYED COUNT REGISTR) 
BAL LINKsCALLUCM 

WRITE2 LIS STaTUS,1 LOAD STATUS WITH DISPLAY AOORESS 


oc STATUS + INCRMT 
LR LINKe«RS 
EXBR LINKeLINK 


PUT DISPLAY IN INCREMENTAL MODE 
LOAD CONTENTS OF RI INTO LINK AND 
WRITE VALUE ON DISPLAY PANEL 


cPE20010 
CPE20020 
CPE20030 
CPE20040 
CPE20050 
CPE20060 
CPE20070 
cCPE20080 
cCPE2v090 
cP£20100 
cP€20110 
CPE20120 
cPE&2U130 
CPE2U140 
cPE20150 
CPE20460 
cP€2U170 
cPE2vU180 
cPE24190 
cPE20200 
cPE20210 
cPe€20220 
cPE20230 
cPEz0240 
CPE20250 
CPE20260 
cPE20270 


cCPE20290 
CPE20300 
CPE2U310 
CPE20320 
CPE20330 
CPE20340 
CPE20350 
CPE20360 
CPE20370 
CPE20360 
CPE20390 
CPE20400 


CPE24%42U 
CPE20430 
CPE2UG40 
CPE204%50 
CPE20460 
CPE24470 
CPE20460 
CPE20490 
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UNIVERSAL CLOCK MOUULE 16 BIT 


0016K 
OU18kRK 
OO1CRK 


vO2UK 
UVU24K 
OU28nR 
vu2AR 
OUZER 


OU3S2K 
UUZ6R 


VUZSAR 
O0O3ER 
QU4OR 
VvO44K 
UU4YBK 
VU4CR 


VO4ER 
UVU5UR 
UUSaKn 
0054R 
OUS5aKn 
UO5CK 
VU6OR 
0064R 
Ou6sNn 
006CNn 
VO70R 
a072R 
0074K 
0078R 
OO7AR 


VOTER 
UUBUR 
UU82K 
GUB4R 
0083n 
OU8Cr 
vo9guR 
VOI4R 


IOUF 
vVEUO 
43u0 


OU8D 
C4AU 
956A 
C8AQ 
4UAQ 


C38A0 
HUAQ 


C8au 
956A 
4850 
VEBO 
Uu18U 
UZUF 


yuud 
UUUg 
yvUuUuU 
3uUuU0 
Duvo 
4820 
4860 
DEeu 
v8BO 
DEbG 
Utbd 
9080 
2u87 
0100 
2691 
C2u0 


QUUQ 
UUUO 
vuud 
3uuu 
DUUG 
4620 
4860 
D820 
DE2O 


QUDSk 
QUOCR 


UULUCR 
3uUU 


UO4ER 
ULAA 


UU7ER 
U1A8 


4BUU 


OUCER 
UUDUR 
UUGCK 


UUKER 


QUDCK 
OOCER 
OOCCK 
OUDIK 
dOuD6R 
ooDer 
OUL3K 


OUBCR 


OO4ER 


Q07ER 


QUDCR 
OUCCR 
UUCER 
JOU8K 
gudek 


50 
51 
52 


INTERRUPT PROGRAM EXAMPLE PAGE 


WHR 
oc 
WAIT B 


CALLUCM STM 
LHI 
EPSR 
LHI 
STH 
EEXECEEREKREEK EY 
EREKKKEKEREEK EX 
LHI 
STH 
HERR MEREEEKK EK 
WEEK KKKKHEKEK EK 


LFCST1 LH 


eREKEEEEEEREEE 


LFCINT EQu 
OLUPSWA OC 
OLDLOCA oc 
NEWPSWA OC 


PICST1 WH 


PICINT EQU 
OLUPSWB DC 
OLOLOCB OC 
NEWPSWB OC 


PICSTOP WH 


STATUS eLINK 
STATUS «NORM 
WRITE2 


RB«KRSAVE 
r10«x*Zu00? 
n8eK10 
R1O0eLFCINT 


“R1OeX*DO%+X#DA® 
NOTE 


R1O0e«PICINT 
R10ex*O00"+x "DB? 


NOTE 


R10eX*4yagude 
RBeK10 
NExTDEy,LFC 
NEXTDEV,LFCSTCMD 
RBeKSAVE 

LINK 


* 
0 

U 

x*30008 

RO,RSAVE 

INTUEV «LEC 
NEXTOEV.PIC 
INTOEV.,OISARM 
NEXTOEV, INTRVL 
NEXTOEV,OISARMST 
NEXTOEVeENABLE 
NEXTOEVeSTATUS 

6 PICST1 
RORSAVE 

RGel 

OLDPSWa 


* 
0 

i) 

X*30008 
ROeKSAVE 
INTUVEVsPIC 
NEXTDEV.LFC 
INTDEV, ZERO 
INTUEV,OISARMST 
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PUT UISPLAY IN NORMAL MODE 
DISPLAY COUNT UNTYL CLOCK INTERRUPTS 


SAVE CURRENT USER'S REGISTERS 

SET DISABLE INT PSW REGISTER 

DISABLE INTERRUPTS AT PROCESSOR 

GET ADDRESS OF LFc INTRPT HANDLER 
STORE IT IN INTRPT SERVICE POINTER 
DA=2*6D HEX*'60* IS THE PREFFERRED 
ADDRESS OF THE LINE FRE@QUENCY CLOCK 
GET ADDRESS OF THE PIC LNTRPT HANDLR 
STORE IT IN THE INTRPT SERVICE POINT 
DB=2e6C HEX*6C* IS THE PREFFERREO 
ADORESS OF THE PRECISION CLOCK 

SET INTRPT PSW IN REGISIER 

ENABLE INTERRUPTS AT PRUCESSOR 

GET LFC ADDRESS 

STAR! LFC 

RESTORE REGISTERS 

RETURN TO CALLING PROGRAM & WAIT FOR 
INTERRUPT 


LFCINTERRUPT HANOLER 

LOCATION TO SAVE THE OLU PSW 
LOCATION TO SAVE THE oLY¥ LOC 
NEw PSw FOR INTERRUPT HANOLER 
SAVE USER*S REGISTERS 

GET LFC ADDRESS 

GET PIC aDDRESS 

STOP & OISARM LFC 

SET RESOLUTION 

CLEAR PIC INTERRUPTS g& START PIC 
ENABLE PIC INTERRUPTS 

DIO THE PIC START ON TIME? 
NO, START IT AGAIN 

RESTORE USER*S REGISTERS 
INCREMENT COUNT REGISTER 

AND RETURN 


PIc INTERRUPT HANDLER 
LOCATION TO SAVE THE OLU PSW 
LOCATION TO SAVE THE oLY LOC 
NEW PSW FOR INTERRUPT HANDLER 
SAVE USER'S REGISTERS 

GET PIC ADDRESS 

GET LFC ADDRESS 

YES+ CLEAR RIC, 

AND STOP PIC 


CPEY0500 
CPE00510 
CPEOY520 


CPEOQUS40 
CPEV¥550 
CPEUUSEN 
CPEuU0570 
CPEUU580 
CPEU0S590 
cCPEV0600 
CPEUU610 
CPEu0620 
cCPEG0630 
CPEU0g4D 
cPE¥¥eso 
CPEU0660 
CPEU0670 
CPEU0680 
cPE00¢690 
cPEvu7o0 
CPpE00719 


cPEV0730 
CPE¥YUTHO 
CPE¥U7S50 
CPEuU760 
CPEv0770 
CPEUU780 
cPEOU7T90 
cpecvgo0d 
CPEG0816 
CPE00820 
CPE00g30 
CPEUVA40 
CPEu0a50 
CPE00860 
CPEU0870 
cPEv0880 


CPEV0900 
CPE¥U910 
CPEYvUg2u 
CPEUU930 
CPEV0940 
CPE00950 
CPE00960 
CPEV0970 
CPEvUu980 


B8L/Z OOM TES-62 


UNIVERSAL CLOCK MODULE 32 BIT INTERRUPT PROGRAM EXAMPLE 


0000881 
OouUusCl 
ouoogo0l 
o00094l 
o0oug9sel 
oo00gcl 
O000,q01 
voodAel 
ooo0A41] 
OO00ASI 


OOOUAAL 
UOQOACI 
OOO0AEL 
O000AFIL 
ooo0avlL 
ooooB1il 
ooouBal 
00008313 
0000R4I 
o00uB6l 
ooooBsl 
oo00Bs!r 
OCOOFS1 


DUsOo 
4860 
4820 
DEBO 
US20 
bE20 
3v20 
2085 
D180 
O3uUF 


802C 
801C 
6016 
8017 
801A 
89010 


8010 


=0000B88I 
=U00UACI 
=D000AAT 
=O000AFI 
=o0000B86!1 
=0000B0I 


=0000B8I 


97 

98 

99 
100 
101 
102 
103 
104 
105 
106 


108 
109 
210 
2111 
112 
113 
114 
115 
116 
117 
2118 
119 
120 
121 
122 


KILLUCM STM 

LH 

LH 

oc 
PICKILL WH 

oc 

SSR 

BTBS 

LM 

BR 
EEE AREE SE & 
EXECKKEEKEEKKEEK 
pICc oc 
LFC oc 
LFCSTCMU DB 
OISARM DB 
DISARMST p08 
ENABLE OB 
INCRMT 08 
NORM 0B 
INTRVL oc 
ZERO oc 

ALIGN 
RSAVE oS 

END 


PAGE 


R&sRSAVE 
NEXTOEV.LFC 
INTDEV,.pPIC 
NEXTOEV,OISARM 
INTUEV, ZERO 
INTOEV eOISARMST 
INTOEV+STATUS 
8sePICKILL 
R8&eRSAVE 

LINK 
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SAVE REGISTERS 

GET LFcC ADDRESS 

GET PIC ADDRESS 

STOP LFC & CLEAR INTERRUPTS 
CLEAR PIC RESOLUTION COUNTER 
STOP PIC & CLEAR INTERRUPTS 
DIO THE PIc STOP? 

NO GO sTOP IT 

RESTORE REGISTERS ANO 
RETURN TO CALLING PROGRAM 


COMMANDS FOR THE PRECISION INTERVAL CLOCK 
ANO THE LINE FREQUENCY CLOCK 


x*6cr 
xXe6De 
X*ag? 
X*co?* 
X*eor 
xt4gus 
Xeage 
x*g0?* 
x°1096° 
x*oqo00F 
4% : 
16*ADC 


STANDARD PIC ADDRESS 

STANDARD LFC ADDRESS 

LFCSTART COMMAND ENABLES INTERRUPTS 
LFC OISARMS COMMANO CLEAR INTERRUPTS 
PIC DISARM AND START COMMAND 

PIC ENABLE INTERRUPTS COMMAND 

OISPLAY COMMAND - INCREMENTAL MODE 
DISPLAY COMMAND = NORMAL MODE 

150 MICROSECONDS a 1 MS RESOLUTION 
ZEROES TO CLEAR RIC 

ALIGN RSAVE AREA ON FULLWORD BOUNDARY 
REGISTER SAVE AREA FOR 16 USER REGIST 


CPE2U970 
CPE20980 
CPE20990 
CPE21000 
CPE21010 
CPE21020 
CPE21030 
CPE21040 
CPE21050 
CPE21060 


CPE21080 
CPE21090 
CpE21100 
CPE21110 
cPE21120 
CPE21130 
CPE21140 
CPE21150 
CPE21160 
CPE21170 
CPE21180 
CPE21190 
cPE21200 
cPE21210 
cPE21220 


81/2 OOU TESG-6Z 


UNIVERSAL CLOCK MODULE 16 BIT INTERRUPT PROGRAM EXAMPLE 


ASSEMBLED BY CAL 03-066RUD-00 


START UPTIONS: 


NO CAL ERRORS 


SCReTA=16 


NO CAL WAKNINGS 


2 PASSLS 
ABSTUP Ouud 
AUC QUUU 
CALLUCH vuou 
JVISABLE 000U 
JISARM 0000 
VISARMST 0000 
ENABLE 0o00u 
LMPTUP ouod 
INCRMT QU0U 
INTDEV ovod 
INTRVL oo0u0 
KILLUCM o00u 
LAOC Ovou 
LFC ovoUu 
LFCINT enerent) 
LFCSIL OuUuv 
LFCSI2 Ouuvd 
LFCSICMD OCGG 
LINK COGu 
NEWPSwWA ougdgd 
NEWPSWB oouu 
WEXTUEV oo0u 
NORM oo0v0 
ULOLUCA ouod 
OLDLOUCB OuULUU 
OLDPSwA oUu0U 
OLOPSwB o0vu0 
PIc 0000 
PICINT Ouu0 
PICKILL O0v0U 
PICS11 o00u 
PICSTOP 0000 
PURE TUP ovuv0 
RO 0000 
R1 00uU 
X10 OuUvU 
Rea 000uU 
23 00u0 
nr8 ovoNU 
RO 0000 
RSAYE oo0o0NU 
STATUS c000 
wAIT 0000 
WRITE? ooou 
ZERO 0000 


ooou 
0002 
UU20R 
O0000R 
uvD1R 
OUD2R 
OQUDSK 
QUFCR 
QuD4R 
ouce 
DUD6R 
OUAAR 
GuQl 
GUCER 
VO4ER 
0040R 
UUISCK 
0UDOR 
OUuOF 
VU52R 
UUBEeR 
0v0B 
OUULSR 
a050k 
Gu8OR 
UUSER 
OO7ER 
OOGCCR 
OUTER 
UUBAR 
QU64R 
VU9OR 
QU00K 
0voo 
ouol 
OUOA 
0002 
OU0S 
0u08s 
0009 
OuUOCR 
ovod 
OU1ICR 
QUOCR 
0uDSR 


($2-81T) 


122 
411 


80 


96 


121i 
46 


68 


108 


86 
43 
54 
48 


77 
47 


128% 


123" 


95 


107 


49 


79 


119 


97 


120* 


43 


81 


103 


PAGE 


968 


30 


82 


97 


69 


102 
84 
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99 108 110 112 112 
70 115 

83 84 96 101 107 
58 61 62 69 66 
106 114 

106 114 13uU% 

99 112 


109 


Universal Clock Module 32-Bit Interrupt Programming Example 


29-531 RO1 9/78 


“KILLUCM” 


DISARM 
LFC 


CLEAR RIC 
AND STOP 
PIC 


RETURN 
ON 
CALLING 
REGISTER 
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UNIVERSAL CLOCK MODULE 16 BIT INTERRUPT PROGRAM EXAMPLE PAGE 1 10247303 09728/78 


PROGS *NONE* 


UUUOR 
Q004K 
Ud0oR 
vogarR 
guocr 
OUO0EK 
OU1l2n 
U014R 


o0QuU0 
QUU0 
OuUG 
ouuD 


OUUD0 
GUuud 
GuuG 
ouvd 
QUUU 
ouggd 
Ovuo 


CBAU 
956A 
2490 
4¥iFgo 
24uU1 
DEGO 
UBFS 
S4uFF 


ASSEMBLED BY CAL 035-066RU5-U0 


ou0d 
ooo1 
uou2 
vooe2 


0003 
G008 
BUL9 
UOUA 
OUuUB 
00uD 
UQUF 


suuu 


ag20k 


VUDYgR 


WENDY FUN 


(32-B1T) 


CROSS 
wWIOTH 120 
TARGT 16 
PROG UNIVERSAL CLOCK MODULE 16 BIT INTERRUPT PROGRAM EXAMPLE 
NORX3 

ERREKER EKER EEE ERE EERE ERE EERE KEKE EE ERK ERE REE EEE KKKEER EERE EEEEKE 

* THIS IS A 16°BIT PROGRAMMING EXAMPLE FOR THE LINE FREQUENCY 

* CLOCK ANDO THE PRECISION INTERVAL CLOCK, THE EXAMPLE USES INTER-= 

* RUPTS TO RECOGNIZE THE END OF THE INTERVALS, 

* THEME ARE FOUR MODULES: 

* LI"CALLUCA" THIS MOOULE 4NITIALIZES THE INTERRUPT 

* HANOLER ANO STARTS THE LINE FREQUENCY CLOCK. 

* 2)"LFECINT" THIS MOOULE SERVICES THE INTERRUPT THAT 

* OCCURS AFTER THE LINE FREQUENCY CLOCK HAs WAITEO 

* ONE=HALF CYCLE OF THE AC LINE FREQUENCY, 

* -8°53 MILLISECONDS @ 60 HZ OR 10 MILLISECONDS @50HZ 

* THEN IT STARTS THE PRECISION INTERVAL CLOCKe 

* SI"PICINT" THIS MODULE SERVICES THE PRECISION INT- 

* ERVAL CLOCK INTERRUPT THAT OCCURS AFTER A PROGRAM 

* CONTROLLED INTERVAL OF 150 MICROSECONDS. IT THEN 

* RESTARTS THE LINE FREQUENCY CLOCK. THIS MEANS THAT 

* THe PROGRAM WILL CONTINUE TO SERVICE "LEcINT" ann 

* "PICINT" UNTIL THE FOURTH MODULE IS CALLED: 

* 4)"KILLUCM" THIS MODULES DISARMS LFC 2g PIc INTER- 

* RUPTS ANO STOPS THE PIC, 

x 

* 


Re #8 HR HRH HH HHRH HEH HRER HEH HH 


ERE REE EE EE EERE EEE EEE EERE EKA EERE ERERE REE EEE EE EERE EEEER EERE 


RO EQu 0 

R1 E@u 1 

R2 Eau 2 

INTOEV EQu 2 MICROCODE PUTS INTERRUPTING ADDRESS 
*x IN REGISTER 2 OF IN REGISTER SET 
R3 EQu 3 

R8 EQU 8 

R9 EQuU 9 

R10 EQU 10 


NEXTOEV EGU 11 
STATUS E@U 13 
LINK Eau 15 


DISABLE LHI KiGex*zuuur GET DISABLE PSW MASK 
EPSR RBeR1I0 NOW DISABLE INTERRUPTS 
LIs R90 CLEAR RI(THE DISPLAYED COUNT REGISTR) 
BAL LINK eCALLUCY 
WRITE2 LIS STATUS 41 LOAD STATUS WITH DISPLAY ADDRESS 
oc STATUS + INCRMT PUT DISPLAY IN INCREMENTAL MODE 


LHR LINKeRD 
EXBR LINKeLINK 


LOAD CONTENTS OF RO INTU LINK ANDO 
WRITE VALUE ON DISPLAY PANEL 


cCPEV0010 
CPEV0020 
CPE00Q30 
CPEU0Q4O 
CPEGO0S50 
CPE0V0060 
cPEQUQ7O 
CPEOUQ080 
CPEQUQ90 
CPEOU100 
cPEU0110 
cPE0v 120 
cPE00130 
cPEU0140 
cPEv0150 
cPE00460 
cPEv0170 
CPEU018U 
cPEv0190 
CPE00200 
CPE000;0 
cPE00020 
cCPE90230 
CPEV02460 
cCPEUQ250 
CPE00260 
CPE00270 


cPE00290 
CPEU0300 
CPE00310 
CPEU0320 
CPE00330 
CPEU0340 
CPE00350 
CPE00360 
CPEUU370 
CPEUU380 
cPE00390 
cPEU0K0N0 


CPEYUYY42U 
CPEUU4Z0 
CPEUY44O 
CPEOU4S50 
CPEuU4EN 
CPE0U470 
CPEUU4BO 
CPEOU490 


8L/Z 00 TES-62 


UNIVERSAL CLOCK MODULE 32 BIT 


vdgolel 
ooggu1sl 
OODO1AL 
vouvulcl 
ooouv1El 
UV000daI 


00UU0261 
UUuu2,aI 
OGOO2EL 
oouvozul 
v000341 


0000381 
o00003Ccl 


UUUU40] 
000044] 
ouod4el 
oo0o4Al 
O0004EI1 
00uC521 


000054: 
o00058l 
voooscl 
o0uv0601 
0000641 
0000681 
oOcoo6AL 
ooooéec!l 
O000GEL 


000u0701 
oooo74! 
o00G7él 
oooo7c!l 
O0007EL 
0000801 
0000841 
v000861 


98UF 
S4FF 
O4FF 
98UF 
DEVO 
45U0 


bbs0 
c&a0 
998A 
CBAQ 
GUAQ 


C8A0 
4UAD 


C8aV 
558A 
48BQ 
DEBO 
U160 
U3SUF 


OUUQ 
48n0 
DE2o 
D8BO 
DEbO 
DEBO 
9080 
2087 
2691 
180 


0g0o 
48860 
D820 
DE2o 
9020 
2065 
Dtxod 
2691 
18u0 


8u91 =0000831 
FFEG =VQUuUUC] 


BUBE =0000BB1 
3uUU 
ouSs4! 
U1AA 


vu7ol 
ULA8 


7UUU 


8u62 =000UACI 
806U =OQUD0AEI 
3066 =0000B8I 


00541 

8052 =0000AaI 
8053 =000VUAFI 
8054 =o0000B4!1 
804C =ud0ub01 
e049 =000081I 


0Uu701 

38038 =V000ACI 
SO03E =0000B6I 
8034 =0000B0! 


8U2n =0000AEI 


INTERRUPT PROGRAM EXAMPLE 


WAIT B 


CALLUCM STM 


EERE EKAKESE 
KEKEREEE EEE ES 


LHI 

STH 
EKKEEEEKEEEE ES 
EKEEKEREEEE EES 


LECST1 LH 


BR 
KEKKEKEE REESE 


LFCINT EQu 


PICST1 WH 


PICINT EQU 


PICSTOP WH 


LFCST2 oc 
Als 
LPSwWR 


PAGE 


STATUS »sLINK 
LINK eLINK 
LINKeLINK 
STATUS eLINK 
STATUS ,NORM 
WRITEQ 


R&«RSAVE 
R10ex*Zu00F 
R8R10 
R10eLFCINT 
R10«X*O0%+X*Da? 


NOTE 


R1OePICINT 
RlvexX*D0%+x D8? 


NOTE 


R10¢eX#7uUU0e 
R8+R10 
NEXTOEy,LFC 
NEXTOEV,LFCSTCMOD 
R&«RSAVE 

LINK 


* 

NEXTDEV.sPIC 
INTUEV.+DISARM 
NEXTOEV, INTRVL 
NEXTUEV,DISARMST 
NEXTOEVseENABLE 
NEXTOEV,.STATUS 
8&8 PICST1 

R9,1 

RO 


* 

NEXTDEVeLFC 
InTOEV.ZERO 
INTUVEV,OISARMST 
INTOEV.STATUS 
&ePICSToOP 
NEXTOEV.LFCSTCMD 
R91 

RO 
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PUT DISPLAY IN NORMAL MODE 
DISPLAY COUNT UNTIL CLOCK INTERRUPTS 


SAVE CURRENT USER'S REGISTERS 

SET DISABLE INT PSwW REGISTER 

DISABLE INTERRUPTS AT PRUCESSOR 

GET ADDRESS OF LFC INTRPT HANDLER 
STORE IT IN INTRPT SERVICE POINTER 
OA=s2*6D HEX*60" IS THE PREFFERRED 
ADORESS OF THE LINE FREQUENCY CLOCK 
GET ADORESS OF THE PIC ZINTRPT HANDLR 
STORE IT IN THE INTRPT SERVICE POINT 
D8=2%6C HEX*6C* IS THE PREFFERRED 
ADDRESS OF THE PRECISION CLOCK 

SET INTRPT PSW IN REGISIER 

ENABLE INTERRUPTS AT PROCESSOR 

GET LFC ADDRESS 

START LFC 

RESIORE REGISTERS 

RETUNN TO CALLING PROGRAM & WAIT FOR 
INTERRUPT 


LFCINTERRUPT HANDLER 
GET PIC ADDRESS 

STOP & DISARM LFC 

SET RESOLUTION 

CLEAR PIC INTERRUPTS g START PIC 
ENABLE PIC INTERRUPTS 

DIO THE PIC START ON TIME? 

NO, START IT AGAIN 


AND RETURN © 


PIC INTERRUPT HANDLER 
GET LFC ADORESS 

YES. CLEAR RIC, 

AND STOP PIC 

DID THE PIC STOP? 
NO.«GO BACK AND STOP IT 
NOW START THE LFC 


AND RETURN 


CPE20500 
CPE2¥510 
CPE2U520 
CPE20530 
CPE20540 
CPE2U550 


CPE2¥570 
CPE2U580 
CPE20590 
CPE20600 
CPE2U610 
CPE20620 
CPE20630 
CPE20640 
CPE20650 
CPE20660 
CPE20670 
CcPE2468U 
CPE20690 
CPE20700 
CPE20710 
CPE20720 
cPE20730 
CPE2U740 


CPE20760 
cPE20770 
CPpE20780 . 
CPE20790 
CPE20800 
CPE2VUg10 
CPE20820 
CPE20830 
CPE20840 
cPE2¥a50 


cPE20870 
cPE20880 
CPE20890 
CPE2U900 
CPE2u910 
CPE20920 
CPE20930 
CPE2U940 
CPE2U950 


OT-W 


81/Z OOU TES-6Z2 


UNIVERSAL CLOCK MODULE 16 BIT 


UOGIBR 
UU9AK 
JVO9CK 
OGADR 
JVOGA4KR 
QOA6R 


JUAAR 
OUAER 
QUB2@R 
0UBeR 
NOBAR 
OORER 
00C2R 
vOC4K 
OOCbR 
OUCAR 


OUCCR 
UUCER 
vOOOR 
dUOLK 
OGD2K 
0003Kn 
JOD4R 
VODSR 
UOD6R 
QOQB8Kn 
VOGCR 
OOD0CR 
UuUFCR 


Yu2z0 
2U85 
VEBO 
U1LUG 
2691 
C2v0 


DUBO 
48n0 
4826 
OtbBO 
Le&2Zu 
DE2ZO 
92D 
2ue5 
D160 
USUF 


vOoDOK 
OUUCR 


OU7ER 


OODCR 
OOCER 
OuCCK 
ovO1R 
OUO8R 
aoy2R 


OVOCK 


99 
100 
lul 
102 
103 
104 


106 
107 
108 
109 
1lu 
211 
112 
113 
114 
115 


417 
118 
119 
l2u 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
431 


INTERRUPT PROGRAM EXAMPLE PAGE 


SSR 
BIss 
LFECST2 oc 
LM 
AIS 
LPSw 
KILLUCM STM 
LH 
LH 
oc 
PICKILL WH 
oc 
SSR 
BIBS 
LM 
BR 
EREKEKCREKSEEEKEK EY 
REKKEEER ERK REE 
pIc oc 
LFC oc 
LFCSTCMU DB 
DISARA 08 
DISARMST 0x8 
ENABLE 08 
INCRMT 08 
NORM OB 
INTRVL oc 
ZERO oc 
ALIGN 
RSAVE os 
ENO 


INTUEVeSTATUS 
&«PICSTOP 
NEXIOEV.LFCSTCMD 
RO,KSAVE 

R9,l 

OLOPSWB 


RBeKSAVE 
NEXTOEV.LFC 
INTUEV.«PIC 
NEXTDEV,OISARM 
INTUEV,Z2ERO 
INTUEVeOISARMST 
INTOEV>sSTATUS 
BePICKILL 
R8,RSAVE 

LINK 
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OIO0 THE PIC STOP? 

NOeGO BACK AND STOP IT 

NOW START THE LFC 

RESTORE USER*S REGISTERS 
INCREMENT DISPLAY REGISIER 
AND RETURN 


SAVE REGISTERS 
GET LFC ADDRESS 

GET PIC AODRESS 

STOP LFC g CLEAR INTERRUPTS 
CLEAR PIC RESOLUTION COUNTER 
STOP PIC & CLEAR INTERRUPTS 
OID THE PIc STOP? 

NO S!0p THE PIC 

RESTORE REGISTERS AND 

RETURN TO CALLING PROGRAM 


COMMANDOS FOR THE PRECISION INTERVAL CLOCK 
ANU THE LINE FREQUENCY CLOCK 


x*6c? 
x*60° 
x*4U" 
x*cu? 
x*eur 
x*4u? 
x*aur 
x*aut 
x*1096° 
x*0000" 
4 
16*ADC 


STANDARD PIC ADDRESS 
STANDARD LFC ADDRESS 


LFCSTART COMMAND ENABLES INTERRUPTS 
LFC DISARMS COMMAND CLEAR INTERRUPTS 


PIc DISARM AND START COMMAND 
PIC ENABLE INTERRUPTS COMMaND 


DISPLAY COMMAND = INCREMENTAL MODE 


OISPLAY COMMAND = NORMAL MODE 


150 MICROSECONOS @ 1 MS RESOLUTION 


ZEROES TO CLEAR RIC 


ALIGN RSAVE AREA ON FULLWORO BOUNDARY 
REGISTER SAVE AREA FOR 16 USER REGIST 


CPE00990 
CPEV1000 
CPEU1010 
CPEU1020 
CPEU1030 
CPE01040 


cPE01060 
cPE01070 
CPEU1080 
cPEU1090 
CPEU2100 
cPE01110 
cPE91120 
CPE01130 
CPEv4140 
CPEU1150 


cPE01170 
cPEV1180 
CPE01190 
CPE¥I20G 
CPEv1210 
CPE02220 
cPE01030 
CPEU1240 
CPEv1250 
cPEul260 
CPE01270 
CPEY¥1280 
CPEL1290 
CPEU1300 
CPEv1310 


81/7 00 TES-6Z2 


LE=¥ 


UNIVERSAL CLOCK MODULE 32 BIT INTERRUPT PROGRAM EXAMPLE PAGE 


ASSEMBLED BY CAL U3-066R05-00 


START OPTIONS: 


NO CAL ERRORS 


SCReTA=352 


NO CAL WARNINGS 


2 PASSES 
ABSTUP 0000 
ADC oou”u 
CALLUCM 0000 
DISABLE QuuU 
DISARM 0000 
DISARMST 90000 
ENABLE 0000 
IMPTOP 0600 
INCRMT 6v00 
INTOEV 0000 
INTRVL 000u 
KILLUC™ 0000 
LADC OuUUU 
LFC oovo 
LFCINT 0000 
LECST1 00u00 
LFCST2 0000 
LFCSTC™D 0000 

LINK 0000 
NEXTOEV 0600 
NORM 00u0 
PIC 0000 
PICINT 0000 
PICKILL 000u 
PICST1 Qu00 
PICSTOP 00090 
PURETUP 0000 
RO ererey) 
r1 0GU0 
nr10 oouUU 
Re oogo 
R3 0000 
R8 0000 
RI 0000 
RSAVE 0000 
STATUS 0000 
wAIT 0u00 
WRITE? 0000 
ZERO 0000 


ovov 
Ov04 
OuU26] 
OUuo0T 
OGAFI 
ooBOY 
00B1I 
OOF ST 
0uB2I 
0u0d2 
00B4I] 
OuasI 
0u02 
OOACI 
OOS4I1 
Ou46I 
0080] 
OOAET 
OOOF 
0008 
00831 
DOAAL 
0U70)] 
OU98] 
OUSCI 
OO74I 
ouddp 
ovodg 
0001 
OUOA 
vuve 
0003 
ouos 
ou09 
vOBSI 
enezeye) 
OVU22I 
oVoc! 
ooBe] 


(32-BIT) 


113% 
102 


89 


98 


114% 


90 


111x 


49 
77 


91 99 
4g 50 
79 80 
59 60 
69 Te 
94 

121 

53 54 
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101 


51 
81 


61 


97 


82 


102 


51 
82 


64 


105 


91 
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103 


52 
88 


103 


52 


95 


68 


53 
98 


69 


73 
100 


106 


DISABLE 
PROCESSOR 
INTERRUPTS 


WRITE 
COUNT 
TO DISPLAY 


“CALLPIC” 


Universal Clock Module 16-Bit and 32-Bit PIC Status 
Programming Example . 


“CALLPIC” 


GET PIC 
ADDRESS 


DID THE 
PIC START 
ON TIME? 


YES 


MONITOR 
CURRENT 
INTERVAL 
COUNTER 


YES 


DID THE 
PIC STOP? 


YES 


RESTORE AND 
RETURN 
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St Be 4 
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PRUG= *NUNE* 


O000R 
QUO4R 
QUO06RK 
UUO8K 
UVUDAR 
vOOCR 
VU10R 
0012kR 
0014¢K 
0U16R 
YVO1AR 
OQULER 
0020K 


OU24R 
0028R 
ou2cKn 
oG30R 
Ou3Z4k 
0038K 
UvU3CK 
JUSER 
uG4arn 
OO44R 
UdUGen 


auuo 
UvuO 
UYbLO 
Jvuud 
vUUO 
vUGO 
JbLUO 
UuUuo 
yUUO 


C810 
9114 
9501 
2+90 
24b1 
DELO 
U8F9 
O4FF 
S6EF 
DEtDO 
LEO 
2691 
4300 


DUAD 
48n0 
43aCo 
c4Cg 
useo 
uEBO 
YUBE 
4260 
9985 
uSCO 
2163 


ASSEMBLEO BY CAL 03-066RU5-U0 


oud 
OUU1 
0009 
OUVA 
0008 
000dc 
vUUD 
OOVE 
QUOF 


O30F 


0065R 


QU66R 
OU24R 


OOUAR 


0068h 
OUSER 
006UR 
oF FF 
QUe6UR 
OUG4K 


0034R 


WAN DNEUN 


(32-BIT) 


CROSS 

wilUTH 120 

TAKGT 16 

PROG PRECISION CLOCK 16 AND 32 BIT STATUS PROGRAM EXAMPLE 
EAKEKKESREKEK EKER EREE KEKE EEE EE KEES E KEKE EKEEKRKKEKEKREEKEEKEKEEEEEK EEE 
* THLS PROGRAM LS FOR THE PRECISION 42NTERVAL CLOCK. IT VOES NOT * 
*USE INTERRUPTS, IT CAN 3E RUN ON EITHER 16 BIT OR 32 BIT MACHINES, * 
*#IT IS CALLED AS A SUBROUTINE TO ACTIVATE THE PIC FOR A PRUGRAM * 
*¥CONTROLLED INTERVAL OF 500 MILLISECONDS a 1MILLISECOND RESOLUTIONe* 
*THE PRUGRAM STAYS IN THIS ROUTINE BY CONTINUOUSLY INTERROLATING * 
*THE CURRENT INTERVAL COUNTER» AS SOON AS THE COUNTER RESETS TO THE*® 
*INITIAL INTERVAL VALUE THE PROGRAM RETURNS TO THE CALLING PROGRAM * 


*ON THE REGISTER NAMED "LINK", x 
HERE RERE EEE EK EEE EEE EEE EEE EERE KEKE EE EE EERE EKER EERE EKER EREREE RES EE 
RO Eau 0 
R1 Eau 1 
R9 EQu 9 
R10 Eau 10 
PIC Eau 11 
o_O Eau 12 
NEW Eau 13 
STATUS Eau 14 
LINK £Qu 15 
DISABLE LHI RieX*O30F! GET DISABLE PSW MASK 
SLHLS R1le4 SHIFT MASK 
EPSR ROeK1 NOW DISABLE INTERRUPTS 
LIS R940 CLEAR RI(THE DISPLAYED COUNT REGISTR) 
WRITEQ LIS STATUS .1 LOAD STATUS WITH DISPLAY ADDRESS 
oc STATUS es INCRMT PUT DISPLAY IN INCREMENTAL MODE 
LHR LINK?#RO LOAD CONTENTS OF RO INTO LINK AND 
EXBR LINKeLINK WRITE VALUE ON OISPLAY PANEL 
WHR STATUS,LINK 
oc STATUS «NORM PUT DISPLAY IN NORMAL MODE 
DOCOUNT BAL LINK *CALLPIC START CLOCK SEQUENCE 
AIS R9el INCREMENT DISPLAY COUNT REGISTER 
B WRITE2 GOTO DISPLAY THE COUNT KEGISTER 
CALLPIC STN R1LOeRSAVE SAVE REGISTERS 
LH PIC*PICADR GET PIC ADDRESS 
LH OLD*INTRVL GET RESOLUTION AND INTERVAL COUNT 
NHI OLDeX*OFFF® MASK OFF RESOLUTION 
PICSTART WH PICsINTRVL SET PIC INTERVAL 
oc PIC+DISARMST DISARM PIC & START IT 
SSR PIC*STaTUS DID IT START ON TIME? 
BTC 8 sPICSTART NO,START IT AGAIN 
TIMEOUT RHR PIC+NEW YES,NOW START MONITORING PIC COUNTER 
CLAR OLD+NEW TS £7 FINISHED? 
BLS JONE YES+BECAUSE CIC = INTERVALUUSO0 


PIC00010 
PICcuUg20 
PIcg0030 
PICOYO4O 
P1cov050 
PIC00060 
PICu0070 
PIcuvoso 
PIc00090 
PIcv0100 
P1cu0110 
PIcuu120 
PICuU130 
PIc00140 
PICcu0150 
PICUU160 
PICuvi70 
PICvu0180 
PIC0U190 
PICOU200 
PIc00210 
PICOV220 
PICUU230 


PICU0250 
PICuU260 
PICuU270 
PICuu2s0 
PICuu290 
P1¢00300 
P1cv0310 
P1CUY320 
P1C00330 
PICU0340 
PIC00350 
PICUU360 
p1Cv0370 


P1C00390 
P1cu04o0 
PIC00410 
PICuUu42p 
PICU0430 
PICOU44O 
PICU0450 
pIcu0460 
PICUU47O 
PIcuv4so 
PICUU490 


vI-WV 
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U048R 
OU4GAR 
QU4CR 
vusSorn 
OUS4K 
0056 
00586R 
OO5CR 


UUSER 
QU6UK 
UU62K 
QUG4R 
UUG5R 
QU6B6R 
JO68R 
UVU68R 
OU74R 


U8LD 
22uy 
DS&Kb0 
vEBO 
SUBE 
2085 
O1AO 
USUF 


UVEC 
8lr4 
uuud 
EU 
4Y 
6U 


JQUu62R 
UU64R 


0068k 


50 
51 
S52 
53 
34 
55 
56 
S7 


59 
60 
61 
62 
63 
64 
65 
68 
67 
68 


STATUS PROGRAM EXAMPLE PAGE 
LDAR OLO+NEw 
BS TIMEQUT 
DONE WH PICeZERO 
oc PIC eDISARMST 
SSR PIC*STATUS 
BT8S 8DONE 
LM R1OsRSAVE 
BR LINK 
*eee*eeeEeCOMMAND & STORAGE AREA 
PICADR oc x*sgc? 
INTRVL oc X*BlF4? 
ZERO oc x*ouog? 
DISARMST 08 XeEu? 
INCRMT OB X*yue 
NORM 08 x*go? 
ALIGN 4 
RSAVE os ADC *6 
END 
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NO.SO OLD CIC#=MOST RECENT CIC 
NOW RETURN ANDO CHECK THE CIC 
WRITE ZEROES TO CLEAR RIC 

STOP PIC 

VID IT STOP? 

NO STOP IT 

YES FINISHEDeRESTORE ANU RETURN 
RETURN 


PREFERRED PIC ADORESS 

500 MILLISECONOS @ 1 MStC RESOLUTION 
ZEROES TO CLEAR RIC 

OISABLE INTRPTS » START COMMAND 
DISPLAY COMMAND ~- INCREMENTAL MODE 
OISPLAY COMMAND = NORMAL MODE 

ALIGN RSAVE AREA ON FULLWORD BOUNDARY 


PIc¥0s00 
PICcv0510 
PIcuus20 
PICu0530 
PICO0540 
PIcucsso 
PrIcuos60 
PIC¥¥Us70 


PIC00590 
PIc¥U,00 
PIcv0610 
PICv¥v620 
PICUUG30 
P1cU0g40 
PIclveso 
PICUU660 
PIC00670 
PICUVG6B0 
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PRECISION CLOCK 16 AND 32 BIT STATUS PROGRAM EXAMPLE 


ASSEMBLED BY CAL U3-066R05-00 


START OPTIONS? 


NO CAL ERRORS 


SCReTA=1l6 


NO CAL WARNINGS 


2 PASSES 
ABSTOP 0000 
ADC oo0uU 
CALLPIC Quou 
DISABLE 0000 
DISARMST 0000 
DUCOUNT ou00 
QONE 0000 
IMPTUP oouu 
INCRAT 0000 
INTRVL 000u 
LAOC 00600 
LINK 0u00 
wEw ouGo 
NORM GGvud 
OLD 000u 
PIC 0000 
PICAUR 0000 
PICSTART 0000 
PURE TuP 0000 
RO 0000 
R1 0000 
R10 0000 
RI 0000 
RSAVE O0u0 
STATUS 00uG 
TIMEQUT 0000 
WRITE2 Q00u 
ZERO 0000 


000 
o0vu2 
UU24R 
Ou0O0R 
OU64h 
OVIAR 
UO4CR 
OU74R 
GU65R 
OU6O0R 
0601 
OUOF 
uvod 
VU66K 
ogoc 
0008 
OUSER 
UU3S4R 
OQUOOR 
ouod 
0001 
UVOOA 
0009 
0U068R 
QUDE 
U042R 
QVUUARK 
UUG2R 


(32-81T) 


39* 


63* 

55 

61% 

32 32 
48 50 
42 48 
43 44 
26 27 
56 

31 36 
67* 

30 33 


33 


50 
45 


34 


PAGE 


35 


47 


45 


3 
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57 

52 53 
54 
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